Abstract. This paper summarizes 4 years (1987-1990
INTRODUCTION
Tundra environments occupy some 7% of the Earth's land area and contain about 13% of its stored soil carbon [Post et al., 1982] . The fate of this stored soil carbon under altered climate is a major question [Billings, 1987] ball data for Carex (C) sites taken from May 26 (-•3 weeks after spring thaw) until freeze-up.
CThaw depth from top of tussock. The 1989 soil CI-h measurements were made at station C-7. The samplers were made of lucite and had equilibration wells (3 cm3) spaced at 2.5-cm intervals along the sample probe. The equilibrafion Annual flux estimates for each tundra component in Table 5 were weighted as in the work by Whalen and Reeburgh [1988] to estimate global tundra CH4 emission for 1987 through 1990 (Table 6 ). Overlap in percent ground cover occupied by each site type causes total areal coverage to exceed 100%. Nonetheless, three points are clear in Table 6 Second, the C site (Carex) accounts for most of the CI-I4 emission from wet meadow tundra; it is the dominant plant form and annual CHn emission was roughly equal to or exceeded that of the M site in all study years except 1988 (Table 5) I  II  III  IV  I  II  III  IV  I  II  III  IV  I  II  III  IV   1987  1988 (Table 4) .
Rank correlations between CH4 flux and environmental data are given in Table 7 . The best relationship was found between CI-I4 emission and centimeter-degrees. We define centimeter-degrees as the absolute value of the product of thaw depth and mean soil temperature to permafrost. Eleven of 12 possible correlations were statistically significant, showing a positive response in CH4 emission to increasing centimeter-degrees. Increasing CI-h emission was also significantly correlated with increasing depth of thaw (rs negative; depth defined relative to soil surface). Mean soil temperature increases were positively correlated with increases in CI-I4 emission, but the relationship was weak; only 4 of 12 possible correlations were statistically significant. Qualitatively, a positive relationship between CI-I4 emission and soil temperature is evident by comparing soil temperature distributions with flux in Figures 1-4 bMean to depth of permafrost.
CAbsolute value of product of thaw depth and mean soil temperature to permafrost. 
DISCUSSION

Global Tundra Emission Estimates
One of our goals was to determine net CH4 emission and its temporal and spatial variability in representative tundra floral associations.We view the annual emission from each site (Table 5) as a "reagent grade" budget constituent of known uncertainty that can be appropriately combined and weighted to produce regional and global CI-h emission estimates. We have extended site emissions from this study (Table 5) using our previous weighting scheme [Whalen and Reeburgh, 1988 ] to annual global CH4 emission estimates for 1987-1990 in Table 6 . These emission estimates incorporate uncertainties in areal coverage as well as the variations in annual site fluxes (Table 5) We also present the first data for interannual variations in CI-h emission from representative tundra CH4 budget constituent sites. Although summer air temperature and precipitation were roughly comparable in 1987-1989, there were obvious differences in the site fluxes (Table 5 ) and the relative contribution of C, M, and BH site types to the annual CH4 emission estimate (Table 6) . We have no ready explanation for these differences but suspect they are due to interannual variations in the submeter scale interactions of biological, physical, and chemical parameters and processes. Improved understanding of these interactions is necessary to further resolve the twofold interannual differences in overall annual CH 4 emission.
Correlations With Environmental Variables
Other investigators have reported strong relationships between CI-h flux and temperature. We had limited success in correlating mean soil temperature with CI-h emission at primary sites ( 
The parameters thaw depth and centimeter-degrees
show the best correlation with CI-h emission (Table   7 ) because these variables integrate conditions important in determining net CI-h emission. Specifically, centimeter-degrees is a reasonable index of net microbial activity because it accounts for the mean soil temperature and the depth of the active zone.
Controls on CH4 Emission
The measurements of net CH4 emission reported here are the difference between CH4 production and microbially mediated CH4 oxidation. This oxidation occurs before the CH4 is emitted to the atmosphere, and is an important control on tundra CH4 emission. Reeburgh Table 7 were best when data were simply ranked using a nonparametric statistic. Finally, lx)oling all data for one variable by station or year or by station and year resulted in few significant correlations, despite the fact that the increase in sample size allows a smaller value of rs for statistical significance. Moore et al. [ 1990] noted that correlation between CH4 flux and a single environmental variable in high-latitude fens may, in part, be specious because variables influencing flux are not entirely independent. This view is supported by our observation that CH4 emission was best correlated with variables that serve as environmental integrators (Table 7) . Attempts to identify predictors of CI-h emission should focus on parameters that integrate factors important in CH4 production and consumption.
Recent papers that have addressed feedbacks on trace gas emissions [Khalil and Rasmussen, 1989;  Lashof, 1989] assume that increased temperatures will result in higher CH4 fluxes, i.e., a positive feedback. These studies focus on the influence of a single variable (temperature) on a single biological process (methanogenesis) and do not consider other effects of climate change, namely regional changes in water table level [Mitchell, 1989] and rates of CH4 oxidation. Functions that successfully relate CH4 flux to temperature are largely limited to inundated wetlands (see above) where CI-I4 production is the dominant biological process influencing emission. We expect that CH4 flux-temperature relationships will deteriorate as water tables fall below the soil surface and oxidation becomes important. The ratio of oxidized:reduced soil zones will increase, favoring both aerobic decomposition and CH4 oxidation. Laboratory studies with packed peat columns [Moore et al., 1989] showed that CH4 emission decreased logarithmically, while CO2 emission increased linearly as water table decreased. Moreover, changes in soil temperature will not be uniform with depth and the effect of increased soil temperature will be greater for CI-I4 consumption than production.
Finally, the increased depth of thaw in permafrost areas will not have as great a stimulatory effect on methanogenesis as predicted [Khalil and Rasmussen, 1989; Lashof, 1989] 
SUMMARY
On the basis of a 4 year study at permanent sites we estimate that tundra contributes 42 + 26 Tg yr-1 to the net atmospheric CH4 budget. This large, multiyear data set, obtained under a range of moisture and temperature conditions, restricts the range of tundra CH4 source strength estimates and also shows the effects of local extrema. Results from multiple permanent sites also suggest that single-parameter relationships used to predict CI-I4 flux are sitespecific and point to the need for an integrating predictor.
